The transition period to organic grain production presents an economic obstacle for farmers, and early management may affect subsequent crop performance. Using a corn-soybean-winter spelt/red clover [Zea mays L.-Glycine max (L.) Merr.-Triticum spelta L./Trifolium pratense L.] rotation in central New York, we compared yields and economics in four organic cropping systems during and after transition. These were high fertility (HF), low fertility (LF), enhanced weed management (EWM), and reduced tillage (RT). Corn and soybean yields in HF, LF, and EWM were similar among systems throughout the experiment and averaged 65 and 91%, respectively, of those in surrounding Cayuga County (CC) during transition. In the first year after transition, HF, LF, and EWM corn yields averaged 63% of CC, but after that 98 to 114% of CC. Soybean yield trends relative to CC remained the same after transition. Transitional spelt yields tended to be higher in HF and EWM than in LF. Spelt yields after transition were variable. Starting in 2006, RT yields were lower than other organic systems in all crops due to equipment problems. Weeds generally increased in all systems over 6 yr, and reached the highest biomass levels in RT and HF. Under our soil and climate conditions, higher fertility amendments in HF compared with LF increased weed biomass but not corn or soybean yield. Economic budgets revealed lower relative net returns (RNR) during transition for the HF, LF, and EWM systems compared with values calculated from CC yields and practices, but higher RNR thereafter.
Crop fields transitioning to certified organic production undergo a legally mandated 36 mo transition period during which their crops cannot be sold as certified organic (USDA-AMS, 2012) . This period starts after the last application of a prohibited material, usually a fertilizer or pesticide applied early in the growing season of the last year of conventional production. The crop grown in the third transition year is typically harvested after the transition period and can thus be sold as certified organic, often receiving a price premium.
Many studies show yield depressions and low profitability for one or more crops during the transition years (Liebhardt et al., 1989; Carr et al., 2002; Delate and Cambardella, 2004; Archer et al., 2007; Cavigelli et al., 2008; Stinner and Sundermeier, 2009; Coulter et al., 2011; Smith et al., 2011) . During transition, farmer resources and management and agroecosystem processes may not be adequate for optimal yields. For example, many transitioning farmers experience a steep learning curve initially (Menalled et al., 2012) , resulting in decreased yields and profitability, followed by improved skills over time (Jackson et al., 2008) . In addition, soil microbial and faunal communities change during transition; at first such communities may not be suited to mineralizing heavier inputs of organic nutrient amendments, resulting in inadequate crop nutrition (Drinkwater et al., 1995) and low yields. Later, after soil communities have adapted to higher organic inputs, yields may rebound. Reflecting such challenges, the legal transition period can present an important economic obstacle for farmers adopting organic management practices, although Martini et al. (2004) found that under expert management, transitional yields can equal those attained on soils managed organically for several years.
After transition, crop yields and profitability may still be affected by weed and fertility legacies from previous management choices. Wedryk et al. (2012) showed that strategies resulting in high or low agronomic performance during transition may lead to different results in the long run with strong economic implications. For example, extra weed management practices such as bare fallows and weed suppressive cover crops during the transition period may increase costs with little benefit at first, but such practices may pay off later with low weed competition and good yields (Nordell and Nordell, 2007) .
Central New York organic cash grain producers typically rely on a red clover green manure plus a modest application of purchased chicken (Gallus gallus domesticus) manure before corn, but apply little or no fertility inputs to soybean or small grains in rotation (K. Martens and J. Myer, organic farmers, personal communications, 2003) . These practices differ from those in many studies represented in the literature comparing different cropping systems, where organic treatments often rely on applications of high rates of cow (Bos primigenius taurus) manure or include sod forage crops within the rotation (Archer et al., 2007; Coulter et al., 2011; Delate and Cambardella, 2004; Smith et al., 2011) . Applications of high rates of cow manure and inclusion of sod crops and shorter term legume green manure crops have improved soil quality and sometimes yield potentials within a few years (Teasdale et al., 2007) .
An important question is whether adequate yields can be obtained under low-input organic systems, which may be more economically feasible in the future if animal manures become expensive. In Pennsylvania, a legume-based organic cash grain system without manure produced corn and soybean yields similar to a conventional system after the transition period (Pimentel et al., 2005) . However, in a 16-yr experiment in Minnesota, corn and soybean yields were lower in a zero-input treatment compared with a heavily fertilized organic system . Information on the relative value of fertility and weed management practices during and after transition can help farmers design more economically feasible transitions to organic production.
Organic farms often have high soil quality despite the use of more intensive tillage than customary at many conventional farms (Marriott and Wander, 2006; Teasdale et al., 2007) . Integrating reduced tillage and organic management may enhance soil quality and potential productivity further. However, weed management in organic reduced tillage systems can be problematic (Smith et al., 2011) . Farmers need evaluations of the agronomic and economic performance of reduced tillage organic systems before they adopt them.
Several studies have compared the economics of organic vs. conventional crop production systems. After transition, profitability of the organic systems was often the same or better than that of conventional systems if premium prices were used, but less without such premiums (Carr et al., 2002; Archer et al., 2007; Delbridge et al., 2011) although some studies showed equal profitability without premium prices (Delate et al., 2002; Pimentel et al., 2005) .
For economic comparisons of different organic cropping systems, crop enterprise budgets sensitive to field operations are needed, because these are among the factors that vary among organic management systems. Many sample budgets for organic grain crop production are available online (e.g., North Carolina State University, 2005; Rutgers University, 2008; Chase et al., 2011; Molenhuis, 2013) . However, these budgets are not tailored to compare different organic cropping systems. More detailed, flexible budget models are needed, which can take into account the addition or alteration of a specific practice or fertilizer rate, as well as different yields.
The current project was planned with the advice of expert organic cash grain farmers. To study the conversion of conventionally managed field plots to organic management, we assessed the effects of HF and LF regimes, reduced tillage, and extra tillage and cultivation for weed management, on productivity, soil, weeds, pests, crop quality, and economics over the transition and a subsequent period. We hypothesized that: (i) extra weed management practices do not affect yields during the transition period, but lead to better yields and economic performance later; (ii) additions of organic nutrients produce higher crop yields during the transition period, compared with near zero additions; (iii) yields in a RT treatment are depressed because of heavier weed pressure than in conventional tillage systems, but over time improved soil health properties at least partially compensate for this decrease; (iv) overall organic yields are lower than county average yields during the transition period; (v) organic crop yields improve after transition; and (vi) crop financial budgets show lower RNR to the organic systems during transition, relative to those calculated from CC yields and typical practices, but higher net returns thereafter. We report here on crop yields and profitability for two 3-yr rotation cycles, during and after transition.
MATERIALS AND METHODS
In 2005, an organic grain cropping systems experiment was initiated on a previously conventionally managed field at the Cornell University Musgrave Research Farm in Aurora, NY (42.73' N, 76.66' W) . Previous crops were corn in 2004 and winter wheat in 2003. The soil type is a moderately welldrained, calcareous Lima silt loam (fine-loamy, mixed, semiactive, mesic Oxyaquic Hapludalfs), with partial tile drainage.
The experiment employed a 3-yr soybean→spelt/red clover→corn crop rotation with four organically managed cropping systems: (i) HF, with soil fertility inputs based on typical local organic farmer practices for corn, including red clover green manure plus an application of 2 Mg ha -1 of composted poultry manure, and application of compost and commercial organic fertilizers approximating chemical fertilizer rates recommended in the Cornell Guide for Integrated Field Crop Management (Cornell Cooperative Extension, 2012) for soybean and spelt; (ii) LF, with no fertility inputs other than compost or a commercial organic fertilizer applied through the planter for corn (and the red clover green manure); (iii) EWM, with fertility management as in LF, but with additional tillage and cultivation and increased seeding density of spelt to enhance weed management; and (iv) RT, with substantially less tillage (mostly ridge tillage) than the other systems (usually moldboard plowing followed by discing and harrowing). All field operations for all crops grown from 2005 to 2010 are summarized in Online Appendix Table 1 .
The first three systems used red clover, established into growing spelt, as a green manure for the following corn crop. In the RT system, different legume green manure crops were grown in place of red clover to allow termination without intensive tillage. When legume biomass was insufficient to supply enough N for optimal corn growth, composted chicken manure was applied to make up the deficit (Table 1 ). In the EWM system, specific practices included an extra cultivation in corn and soybean if feasible, with at least one of those employing a bellymounted rather than rear-mounted cultivator for greater precision, moldboard plowing plus discing rather than discing alone before spelt, a 1.5x spelt seeding rate to suppress weeds (1.3x in 2006), and an additional tillage ("stale seedbed") before soybean when possible.
Treatments were replicated four times in a spatially balanced, randomized block split-plot design (van Es et al., 2007) , where the four different cropping systems were the main plots and two entry points into the crop rotation (hereafter designated as entry points A and B) were the split plots. Plots were 24.4 by 36.6 m to accommodate field-scale equipment. Corn and soybean were planted in rows spaced 76 cm apart. Corn was planted at a rate of approximately 72,000 seeds ha -1 , and soybean at approximately 470,000 seeds ha -1 . To ensure that soybean were harvested early enough to plant spelt, Group 0 or early Group 1 soybean varieties were used. Systems were tine-weeded one to three times, generally twice, except for the RT system, which was not tine-weeded due to heavy residue. All organic systems were cultivated one to four times (generally twice) to reduce weed growth. In the EWM system, an extra tine-weeding or cultivation was performed if this seemed potentially helpful, and tillage was more intensive (Online Appendix September (2005) or at final cultivation (thereafter) to reduce over-winter loss of N.
Spelt seed was drilled in rows 19 cm apart at 163 kg ha -1 (whole seed, 2005) or 135 kg ha -1 (dehulled seed) thereafter. The EWM system was seeded at a 30 to 50% higher rate than the other systems to help suppress weeds with crop competition. Spelt received no further weed management. Due to continuously wet soil conditions after soybean harvest in 2005, tillage could not be performed before spelt planting and the spelt had to be broadcast on the surface of the untilled soil.
Medium red clover was broadcast into the spelt in March or April when the soil was frozen, at 22.4 (2006-2007) or 11.2 (2009-2010) kg ha -1 except in the RT system to act as an N-providing green manure for corn. Red clover was mowed once in late August or early September at a height of 15 cm to reduce weed seed production. In the RT system, other green manure crops were used. Crimson clover (T. incarnatum L.) (22.4 kg ha -1 ) and berseem clover (T. alexandrinum L.) (17.9 kg ha -1 ) were broadcast into spelt on 19 Apr. 2006 and 1 May 2007, respectively. In September 2009, oat (Avena sativa L.) (67.2 kg ha -1 ) and Austrian winter pea (Pisum sativum L.) (157 kg ha -1 ) were established after spelt harvest.
Fertility inputs varied among systems (Table 1) . The LF and EWM systems received only a low analysis starter fertilizer application at corn planting whereas no fertilizer was applied for other crops. In the HF system, composted chicken manure (5-5-3 N-P 2 O 5 -K 2 O) was applied before corn planting at 2 Mg ha -1 , similar to local organic farmer practice. The same corn starter used in LF and EWM was also used in HF and RT. Compost and commercial organic fertilizers were applied to soybean and spelt in the HF system following the Cornell Guide for Integrated Field Crop Management (Cornell Cooperative Extension, 2012) according to P and K soil test results. In all organic systems an Organic Materials Research Institute approved brand of potassium sulfate was added to corn starter in 2010. The RT system received the same type of 5-5-3 compost as used in the HF system before corn, at rates appropriate to supply sufficient N in conjunction with inadequate legume stands.
When the project was initiated in 2005, corn was grown in entry point B, after a crop of conventional corn the previous year. Because no legume green manure crop was available to plow under before planting, composted dairy manure and sidedressed sodium nitrate were applied to this crop in all organic systems, with a heavier application to the HF system (Table 1) Cover crop seed was of unspecified variety unless stated. Medium red clover (organic), crimson clover (non-organic, untreated), berseem clover (non-organic, untreated), Austrian winter peas (non-organic, untreated), ryegrass (cultivar Storm, organic), cereal rye (organic) and spelt (cultivar Oberkulmer, organic) were planted (Online Appendix Table 1) .
Tillage for corn and soybean was done with a moldboard plow, disc harrow, field cultivator, and roller harrow except for the RT system. In the first year, RT crops were established in non-ridged conditions, because the entire research area was initially plowed and disced. After that initial crop establishment, a ridge tillage program was maintained from 2005-2008 Table 1 . Total nutrients applied in organic amendments to crops in each system each year. Values for N do not include N fixed by the red clover green manure.
Crop Year Corn  2005  300  188  188  188  38  31  31  31  144  89  89  89  2007  94  9  9  156  56  7  7  91  51  7  8  80  2008  94  9  9  156  56  7  7  91  51  7  8  80  2010  96  11  11  59  56  7  7  35  72  29  30  60 in which ridges were built up with a cultivator during corn and soybean seasons. At planting of the succeeding crops, the ridges were scraped off and the seed drilled into the scraped area. Spelt was planted with a drill after scraping the soybean rows and re-ridging the plots. In the other systems, soil was plowed (EWM only), field cultivated, disced, or disced and rollerharrowed, after soybean harvest and before spelt was planted (Online Appendix Table 1 ). Equipment problems created difficulties in the RT system. Ridge scrapers (Sukup Inc., Sheffield, IA) were installed on the front of a no-till corn planter (Kinze Manufacturing, Williamsburg, IA) to prepare the tops of the ridges for the following planter units. However, the planter units did not track the scraped rows well. Planting outside of the scraped area led to damage and death of young crop plants during cultivation, while cultivators left weeds to grow.
Based on advisory committee suggestions, we modified soil preparation procedures in the RT system. In October 2008, spelt was planted after soybean residue had been disced and harrowed, removing the ridges. This change in procedure began a new RT system regime as follows: after spelt harvest, plots were chisel plowed, disced, and harrowed before planting oat and Austrian winter pea. This green manure cover crop mixture performed better than berseem and crimson clovers and use of the mixture was continued in subsequent years. The next spring, winterkilled oat and live pea were mowed, then ~25-cm strips were deep zone tilled on 76-cm centers and the strips planted with corn. The corn was not tine-weeded, but was cultivated aggressively with high-residue equipment. The following year, the resulting ridges were scraped and planted with soybean in separate operations. Spelt was planted after soybean harvest, and the cycle was repeated (Online Appendix Table 1 ).
Sampling Methods
At harvest, four rows of corn were shortened to 30.5 m by removing 3 m of plants from each end. These shortened rows were harvested with a combine (Case IH 1644, CNH Capital, Racine, WI), which recorded weight harvested and percent moisture for each plot. In 2005, RT whole corn ears were harvested with a 1-row corn picker to avoid compacting ridges, then shelled and weighed. In 2005 and 2006, soybean crops were harvested from two similarly shortened rows with a plot combine (Hege 140, Wintersteiger AG, Ried, Austria). In 2006, spelt was hand clipped from three randomly placed 1 m 2 quadrats in the center 7.6 by 25.6 m area of each plot. In 2007, shortened 30.5-m spelt strips were harvested with a plot combine (Hege 140) to a width of 1.25 m. Moisture content of soybean samples was measured with a digital moisture meter (Burrows 700, Seedburo Equipment Co., Des Plains, IL) directly after harvest.
After 2007, six rows of soybean or a 4.6 m wide strip of spelt were shortened to 30.5 m. These shortened rows were harvested with a combine (Case IH 1644), which recorded weight and percent moisture of the grain for each plot. Because the combine could not measure spelt moisture content, samples of spelt heads were gathered by hand and moisture determined by comparing fresh and dry weight achieved after 4 d at 60°C in a forced air oven. Yields were standardized at 0.15 kg kg -1 moisture for corn and 0.13 kg kg -1 for soybean and spelt.
Weed biomass was determined in early August (corn and soybean) or late July (spelt) by clipping the aboveground parts of weeds from within one, 0.5-m 2 sampling frame randomly placed in each quarter of the center 7.6 by 25.6 m area of each plot for corn and soybean or from within one 0.25-m 2 sampling frame in each quarter for spelt. Sampling frames were 76 cm wide so they straddled a full row width for corn and soybean and four rows for spelt. Weeds were clipped at ground level, dried for at least 3 d in a forced air oven at 60°C, and weighed. Cover crop biomass was determined in a similar way, using one, 0.25-m 2 sampling frame randomly placed in each half of the central portion of the plot, shortly before plowdown. Cover crop N content was determined by dry combustion using a N/protein Analyzer (FP-528, LECO Corporation, St. Joseph, MI).
Economic Analysis
Flexible interactive financial crop budgets calculated net returns based on differing yields and tillage, fertility, and weed management practices. Per hectare budgets were constructed using field operation costs, including fuel and labor, following the Valley section rates in the 2009 Pennsylvania Custom Rates bulletin (NASS, 2009). The owner operator was assumed to do half of the total labor for each crop; thus charges (computed at a nominal rate of $15 h -1 ) for half of the total labor hours were added back into the operator net return totals. Input costs were taken as of fall 2009. All inputs, including compost (dairy, $22 Mg -1 and chicken, $100 Mg -1 ) and seed, were considered purchased rather than produced on-farm. Hauling and drying costs were set at $0.022 kg -1 of grain. Overhead, including land, building and utility charges was set at $247 ha -1 yr -1 (Martens, 2006) .
Because no prices were available for conventionally-grown spelt, soft winter wheat prices were used in spelt budgets for transitional organic systems, zero-premium calculations, and the CC comparison. Equivalent soft winter wheat yields were set at 1.40 kg kg -1 of the observed spelt yields based on project farm advisor input (K. Martens 1 , personal communication, 2010) and literature (Roth and Janzen, 2008; Molenhuis, 2013) . Prices for conventionally grown crops were calculated at $0.131 kg -1 for corn, $0.333 kg -1 for soybean, and $0.199 kg -1 for soft winter wheat based on averages of 2005 to 2010 calendar year USDA prices (NASS, 2012) .
The effects of organic premium prices on net profitability were calculated by applying premiums of 0, 30, and 50% above the conventional prices for corn and soybean. After transition, a price of $0.344 kg -1 was used for organic spelt corresponding to the organic premium and $0.397 kg -1 for the 50% premium (K. Martens, personal communication, 2005) . The RNR values were calculated for the HF, LF, and EWM systems by subtracting net return values calculated from CC yields and typical practices for the corresponding crop, from that of the organic systems. Thus, the relative performance of implementing a given system compared to continuing a conventional management system is evident.
Statistical Analysis
Analyses of variance on yield, total weed biomass, legume cover crop tissue N and biomass for the four organic systems were performed with the JMP statistical package (JMP Pro 10, SAS Institute, Cary, NC), and means compared if the overall model P < 0.05 using Fisher's Protected LSD comparisons. Similar analyses were performed for RNR within each year by crop and for post transition and 6-yr totals for the HF, LF, and EWM systems. For RNR analysis, Welch's modification of ANOVA was used if variances were unequal. In these analyses, the system means were weighted by the reciprocal of the corresponding variances (Welch, 1951; Asiribo and Gurland, 1990) . Mean annual aboveground weed biomass was determined for the 2006 to 2010 period for each plot, and an additional ANOVA was performed as above. For an analysis of the HF, LF, and EWM systems over the 2005 to 2010 time span, ANOVAs were run of yield and relative net return, with replication, system, rotation entry point, and year (nested within entry point) as fixed variables. Weed biomass data were log transformed before analysis if necessary to improve normality and homogeneity of variance, with values back-transformed for reporting.
RESULTS AND DISCUSSION
Some of the learning issues normally experienced by transitioning farmers were minimized in our study by having necessary knowledge in place at the start. We relied heavily on expert farmer advice, one of the principal researchers is an expert on non-chemical weed management, the research farm field staff was highly skilled, and we hired an experienced organic farmer to perform the fieldwork. Even so, equipment and variety choices tended to improve over time. In the RT system with which we had little previous experience (similar to a farmer adopting that system), the learning curve was steep.
Implementation of the RT system was difficult and resulted in poor crop performance and obstacles encountered did not reflect the potential of reduced tillage approaches in organic crop production. We provide basic RT system descriptive information, yields, and weed biomass to illustrate challenges and results that may be obtained using inadequate equipment, such that this information can be made available to other farmers or researchers interested in exploring similar reduced tillage approaches.
Yields
After the initial year, yields in the RT system were generally substantially lower than the other organic systems ( Table 2) . The following discussion focuses on the other three organic systems.
Corn yields in the conventionally tilled organic systems were not statistically different within any years (Table 2 ). In the first rotation cycle (2005 and 2007) , corn yields in the HF, LF, and EWM, systems averaged 64, 65, and 64%, of the CC average (NASS, 2012). Low yields may have partially been due to use of suboptimal corn hybrids. Little systematic comparison has been done on the relatively few corn hybrids available for organic production and suboptimal choice of hybrids is common among both farmers and researchers using organic methods. In the second rotation (2008 and 2010), corn yields in the HF, LF, and EWM systems (2008 and 2010) averaged 98 to 114% of the CC averages (NASS, 2012) possibly in part reflecting the use of a different variety in the second rotation.
The lack of difference in corn yield between the HF and LF systems suggests that plowed down clover plus mineralized soil N provided sufficient N for good crop growth, even in 2008 and 2010 when corn yields were high (Tables 2 and 3 ). These findings are consistent with previous studies in which red clover established with a preceding grain crop supplied most or all of the N needs of corn (Bruulsema and Christie 1987; Hesterman et a. 1992) , but inconsistent with a study by Henry et al. (2010) which found little contribution of N from red clover to corn.
Soybean yields did not differ significantly among the three conventionally tilled organic systems in any year (Table 2) . Soybean yields during transition in these systems averaged 91% of the CC average. This is considerably higher than the 64 to Table 2 . Crop yields by cropping system in each year. † Means for crops within years followed by the same letters do not differ at P = 0.05 by Fisher's Protected LSD.
Crop
Year 65% of the CC average yields obtained for corn. The somewhat lower yields for soybean may have been due to a combination of the short season soybean varieties used in the experiment and the 76-cm row spacing used to allow cultivation. Row spacing narrower than 76 cm frequently improves soybean yields in the northern United States (Lambert and Lowenberg-DeBoer, 2003) .
After transition, soybean yields in all systems were similar to CC averages in 2008 but lower in 2009. In 2009, soybean yields across the research farm were lower than normal, due to locally low rainfall of 369 mm from May through August compared with 482 mm for nearby Auburn, CC, New York (P. Stachowski, farm manager, personal communication, 2012; Weather Warehouse, 2012) .
Spelt performance in 2006 was an anomaly. Due to poor fall weather, 2006 spelt was surface sown without tillage in all systems. Resulting yields were unusually low (Table 2) , and spelt yield in the EWM system was almost twice that of the LF system. Possibly, a combination of higher seeding rate and better winter shelter provided by higher ridges in the previously more aggressively cultivated EWM system led to a better stand (1,660,000 plants ha -1 in EWM vs. 905,000 ha -1 in LF) and thus to a higher yield. Except for 2006, LF and EWM spelt yields were similar.
Overall spelt yields were significantly higher in HF than in LF and EWM (Table 4) , which supports the hypothesis that application of manure or compost for spelt will likely increase spelt yields. The increase in spelt yield from fertilizer application may be primarily due to additional N. However, accompanying additions of P and K in the compost can also help replace nutrients removed from the field by spelt and the other crops in the rotation. Because the compost application for corn in HF did not significantly increase corn yield relative to LF, farmers may benefit from fertilizing spelt rather than corn when red clover green manure is plowed under before corn planting. Fertilizing winter grain rather than corn is contrary to the typical regional organic practice of applying fertility inputs to corn only.
The market for non-organic spelt is weak, so winter wheat might be a better crop choice during the transition period. Because wheat is so closely related to spelt, it would likely respond similarly to inputs; however, spelt can be planted somewhat later than wheat and still yield well. Timely planting of wheat after soybean may be a challenge.
Weeds
Weed biomass generally increased in all systems after the first year (Table 5 ). This increase in weeds was most pronounced in Table 3 . Legume green manure biomass and N content before tillage for corn each year for all systems. No cover crops were available in 2005, the initial year of the study, and no legume cover crops or corn were grown in 2006 and 2009. Means for aboveground biomass within years followed by the same letters do not differ at P = 0.05 by Fisher's Protected LSD. Table 4 . Mean yield and significance of F values for fixed sources of variation from ANOVA's on yield for each crop in the three conventionally tilled systems, for the period 2005 to 2010. Mean yields within crops followed by the same letters do not differ at P = 0.05 by Fisher's Protected LSD. the HF and RT systems. As discussed above, the RT system had equipment problems that prevented effective weed management and also damaged crop plants, thereby decreasing crop competitiveness. In the rest of this section, we consider total weed biomass in the conventionally tilled systems.
In the first season of the experiment, weed biomass in corn was similar for the three conventionally tilled systems ( Table  5 ). After that, an ANOVA of mean annual aboveground weed biomass from 2006 to 2010 showed that HF management resulted in increased weed biomass compared with LF and EWM. Mean yearly weed biomass from 2006 to 2010 in HF was twice (P < 0.0001) that of the LF and EWM systems.
Because weed management in the HF and LF systems was the same, except for a grass cover crop seeded into corn in HF, higher weed biomass in HF was a direct result of higher fertility inputs. Whether weed competition reduced yields in the HF system is unclear; because corn and soybean yields were the same between high and low input systems, the extra fertility increased weed biomass without increasing crop yield.
Weed biomass was never significantly different between the EWM and LF systems (Table 5 ). Thus the extra weed management practices in EWM had little effect on weed pressure. Compared with the HF system, lower fertility status was the main factor accounting for the lower weed biomass in EWM and LF. Because yields of corn and soybean did not suffer from the low fertility regime, we hypothesize that minimizing fertility inputs for these crops will positively contribute to an integrated weed management strategy.
Relative Net Return
Because the RT system is novel (i.e., does not reflect actual farmer practices) and performed poorly, it is not included in the economic analysis. The RNR in the LF and EWM systems relative to those calculated from CC yields and practices was negative for all crops during the transition period (Table 6 ). The RNR was depressed further in HF due to the cost of fertility inputs.
Transitional corn grown with high rates of sodium nitrate and composted dairy manure in 2005 resulted in highly negative RNR due to a combination of high cost of production and low crop yield. The extraordinarily large negative values of -$1481 to -$2097 ha -1 in 2005 for corn should not be considered typical for organic transition practices; the negative values reflect in part the initial constraints associated with the initiation of the experiment (absence of a cover crop resulting in the application of costly fertilizer sources). Normally, a transitioning farmer would not follow conventional corn with organically managed corn, but this was necessary to set up the rotation sequence for entry point B. Despite these inputs, organic corn yields were low in 2005. The results suggest that emphasizing soybean and avoiding corn during transition can help reduce losses.
After the transition period, the RNR of organic crops was generally positive (Table 7) . This is because of the 30% higher price assumed in this model for the certified organic crops. Without an organic premium, 4-yr RNR was negative compared with CC values for all organic systems in both entry points (Table 8 ). With organic premiums of 50% or more, a common occurrence in recent years (Clark and Alexander, 2010) , very high relative returns were possible. Table 5 . Aboveground weed dry biomass by cropping system, crop, and year. Means for crops within years followed by the same letters do not differ at P = 0.05 by Fisher's Protected LSD. Corn  2005  90a  79a  26a  150a  Corn  2007  1360a  443b  286b   ‡  Corn  2008  467b  221b  55b  1743a  Corn  2010  1539a  311a  322a  1637a  Soybean  2005   ‡   ‡   ‡   ‡  Soybean  2006  113a  103a  243a  169a  Soybean  2008  491b  234b  118b  2009a  Soybean  2009  1911a  934b  579b  715b  Spelt  2006  1287a  654a  634a  984a  Spelt  2007  343a  170a  174a  705a  Spelt  2009  1443b  846b  1402b  3270a  Spelt  2010  2121a  1068ab  656b 2037a † HF, high fertility; LF, low fertility; EWM, enhanced weed management; RT, reduced tillage. ‡ Missing data. Table 6 . Relative net return (RNR) for transition-period crops in the conventionally tilled systems for the two crop rotation entry points. The RNR is the net return minus an estimate of the average net return for the corresponding conventionally grown crop calculated using Cayuga County, New York average yields and typical practices. Cropping system net returns were computed from yields and treatment practices in the experiment and production costs and grain prices as discussed in the Materials and Methods. Means for crops within years followed by the same letters do not differ at P = 0.05 by Fisher's Protected LSD. After transition, RNR in the HF system was often higher than the other two conventionally tilled systems for spelt, but lower for corn and soybean (Table 7 ). This suggests that the expense of extra fertility was justified for the spelt crop, but not for corn or soybean on this soil type.
Employing a 30% organic premium after the transition period and including both entry points over all 6 yr for each system, HF had lower RNR than LF and EWM for corn and soybean, but systems did not differ significantly for spelt (Table  9 ). For 6-yr totals including all crops, the least square mean RNR for LF (-$38 ha -1 yr -1 ) was significantly higher than for HF (-$151 ha -1 yr -1 ) (P = 0.039), with EWM (-$80 ha -1 yr -1 ) intermediate. These 6-yr means include highly negative returns Table 7 . Relative net return (RNR) after transition for certified organic crops (30% organic premium) in the conventionally tilled systems for the two crop rotation entry points. The RNR is the net return minus an estimate of the average net return for the corresponding conventionally grown crop calculated using Cayuga County, New York (CC) average yields and typical practices. Cropping system net returns were computed from yields in the experiment and production costs and grain prices as discussed in the Materials and Methods. Means for crops within years followed by the same letters do not differ at P = 0.05 by Fisher's Protected LSD. Table 8 . Relative net return (RNR) for certified organic crops grown in conventionally tilled cropping systems assuming either a 0% or a 50% organic premium. The RNR is the net return minus an estimate of the average net return for the corresponding conventionally grown crop calculated using Cayuga County, New York (CC) average yields and typical practices. Cropping system net returns were computed from yields in the experiment and production costs and grain prices as discussed in Materials and Methods. Means for crops using a given premium within years followed by the same letters do not differ at P = 0.05 by Fisher's Protected LSD.
Crop 0% Premium 50% Premium 2010 spelt -143a ‡ -114a ‡ -89a ‡ 153a § 113a § 234a § 4-yr mean ¶ -159a -103a -111a 287a 267a 308a † HF, high fertility; LF, low fertility; EWM, enhanced weed management. ‡ Calculated using conventional soft winter wheat prices, assuming equivalent wheat yields to be 1.40 kg kg -1 of the observed spelt yields. § CC values calculated using conventional soft winter wheat prices, assuming equivalent wheat yields to be 1.40 kg kg -1 of the observed spelt yields. ¶ May not exactly equal means of yearly values due to missing data.
from first-year transitional corn that a farmer could possibly avoid by not growing corn the first year.
A farmer following the rotation used in this experiment might optimize net return by incorporating components from two of these systems, growing soybean followed by spelt in the transition years, and fertilizing spelt only (i.e., the LF system plus added fertility on spelt). Net annual return over 6 yr from such an optimized system would have been +$79 ha -1 higher than for conventional practices with county average yields.
These results have practical implications for organic farmers and those transitioning to organic production in similar climates and soil types. Large financial losses during transition are possible, but the results of this study suggest that such losses can be minimized or avoided through careful crop choice. Our results agree with previous research showing that corn should be avoided during transition (Liebhardt et al., 1989) . Because of corn's high demand for N, cost of production will be lowest when corn follows a legume hay or green manure crop (Lawrence et al., 2008) . Soybean produced adequate yields during the transition and this crop may be a good candidate for the transition years. During the transition period, organically managed spelt (or an equivalent wheat crop, for which the market is a better) produced lower net returns than conventionally grown wheat. However, spelt performance after transition indicated that a winter grain planted at an appropriate time might be a viable second transition crop. Such winter grains allow for establishment of red clover to supply N for a first posttransition crop of corn.
CONCLUSIONS
Although the first few transition years are challenging for cash grain farmers converting to organic production, good cropping strategies can lead to successful outcomes. Under these conditions of soil and climate, a LF cropping system produced lower weed biomass, equal corn and soybean yields and greater net returns than HF over two organic crop rotation cycles including the transition years. Medium red clover green manures contributed sufficient N for corn. Additional fertility applications beyond what was applied in the LF treatment did not increase yield of corn and soybean, but fertilization with composted chicken manure increased spelt yields. Additional weed management practices did not suppress weed biomass or improve net return beyond what was achieved with LF management, possibly because weed control was, by organic standards, generally good in both LF and EWM. An attempt at implementing an organic reduced tillage system did not produce viable results due to equipment problems.
Lower profitability during transition can be a barrier for farmers seeking to adopt organic practices, and sufficient profitability is critical to sustainability thereafter. We found that net returns for organically-managed crops were lower than those estimated based on county averages during the transition period but were greater for the HF, LF, and EWM systems after transition.
Our results point toward the promise of low-input organic grain production strategies that integrate soil fertility and weed management approaches while still producing viable yields and net returns. One such approach for this rotation could include application of significant fertility inputs to spelt but not to corn or soybean. More research on such optimized systems is needed.
